Introduction

57
Landslide dams form when large landslides block river flows, forming lakes. Landslide dams formed by 58 such mass movements are often weak in structure, and can fail under their own weight or by overtopping.
59
Sometimes the released water carrying landslide debris causes fatalities and substantial damage to properties 
63
In recent years, many landslide dams triggered by earthquakes and rainfall have been reported. They often 64 cause great difficulties to the recovery phases in the hazard areas, and also threaten the safety of people living 65 downstream. It is normally required to make a risk assessment of the stability of the dam within a short time
66
immediately after the dam's formation (Tabatake et al. 2002) . Two different approaches, the topographical 
77
Tibet, China, and the main countermeasure was digging a sluiceway. However, the dam collapsed suddenly after 78 the sluiceway was finished, resulting in severe downstream flooding, killing about 100 people downstream, and 79 resulting in 5,000 people losing their homes (Zhu et al., 2003 
98
To assist in assessing the risk of outburst flooding due to landslide dam failure, we carried out detailed field 99 surveys of some of the big landslide dams formed during the 2008 Wenchuan earthquake, investigating the 100 geological and topographical characteristics of the landslides, their processes of formation and the internal 101 structure of the landslide dams. In this paper, through study of the landslide dam formed in Tianchi Town,
102
Mianzhu City, we examine the formation of a landslide dam resulting from a long-travel rockslide occurring in a 103 carbonate rock area. We surveyed the internal structure of the dam site by means of a multiple-channel 104 surface-wave technique, and also analyzed the grain size distribution at the dam site. Based on the survey results,
105
we discuss the dam's formation and stability. Fig. 1 
132
The earthquake formed more than 800 landslide dams (Fan et al., 2012 
150
The bedrock of the source area was fractured by these bedding planes and joints, and a big unstable wedge was 151 formed on the bedrock near the mountain ridge (Fig.4a ). This unstable wedge failed during the earthquake, and 
178
distribution analysis has been verified by Casagli et al (2003) . We performed the analysis by following steps.
179
(1) The area ratio of grains with φ>40mm was measured by means of particle digital image analysis. Due to 180 the progressive excavation of the channel, soil layers at different depths were exposed. We sampled 11 points at different soil layer levels, reshaping the face locally to be vertical. Two orthogonally oriented scales were put on 182 the vertical surface, and photographs were taken.
183
(2) For the target measuring area, the area ratios of grains with differing sizes were calculated by 184 photographic analysis. After taking the photo, the grain in each photograph was outlined by drawing a line along 185 its boundary. Using the outlined figure, the diameter (the diameter of the inscribing cycle of the outline) and the 186 cross section area of each grain were calculated, and the total cross section area of grains with the same diameter 187 was then calculated. Considering the possibility of human error in drawing the outlines of grains, we used a
188
photographic analysis method to analyze the larger grains with φ>4.75mm.
189
(3) We took samples from the surface of the photographed area, sieved out those gravels with φ>50 mm,
190
and took 10 kg of samples (φ≤50 mm) to the laboratory for further grain size analysis by sieving following the
191
ASTM standard.
192
(4) The percentages of grains with different grain sizes were calculated. Assuming that the debris has the 193 same density, the percentages by weight of grains with differing sizes were calculated through the area ratio
194
(obtained by particle digital image analysis) of different grains and the results from sieving analysis.
195
We sampled 11 locations for the distribution of grain size in the Tianchi landslide dam (Fig. 6a) . Samples 
200
Because very large boulders were located only in the surficial layer, there were no grains >50cm in Fig. 7 . From 201 the grain size distribution of P1 -P4, and P8 (Fig. 7a) , we saw that the grains tended to become coarser closer to 
229
Survey line L2 was along the newly built road. Due to the construction of the road, a 3-5m thick soil layer 230 had been excavated (Fig. 6b) . In L2, the whole surficial layer (about 6 m deep) and all soil layers (from the surface to the bottom) 0-30 m from the upstream end of the line had relatively smaller shear-wave velocity 232 values (330-390 m/s) (Fig. 10a) . Most of the soil layer along L3 showed greater shear-wave velocity values (400 233 m/s-480 m/s) (Fig. 10b) . However, the domain on the middle part of the survey line (30-60m) and 7-10m deep 234 had relatively smaller shear-wave velocity values (330m/s-400m/s). Although the grain size of the soil layer near 235 this area was not measured, from the grain size distribution of the surficial soil layers in L3 (P5-P7 in Fig. 7b ),
236
we can infer that the effective grain size (D 10 ) tended to become smaller. If it is assumed that the soil density is 
259
For longevity analysis of landslide dams, an approach termed the Dimensionless Blockage Index (DBI) has 260 been proposed by Ermini and Casagli (2003) . 
284
We 
296
According to Dunning and Armitage (2011), rock-avalanche deposits generally exhibit three sedimentatry 297 facies: i.e., a carapace facies (the coarsest unit composing the surface and near surface), a body facies (the main 298 body of the rock-avalanche deposit), and a basal facies (the base of the rock-avalanche deposit). The boundary 299 between the basal facies and the body facies is often indistinct in the field. Our MSWA survey showed that these 300 three facies were easily identified from the shear-wave velocity profile (Fig. 10) . The carapace and basal facies 301 have smaller shear-wave velocities, while the body facies occupying the main area of the deposits has greater 302 shear-wave velocities. Therefore, the shear-wave velocity profile enables us to not only identify the distribution 303 of these facies, but also to estimate the geotechnical properties of each facies. 
319
It is noted that at present there is no accepted rapid approach to predict the stability of a landslide dam 320 immediately after its formation. However, we expect that a method combinating the Dimensionless Blockage
321
Index and shear-wave velocity survey results could be developed so that the risk of abrupt breaching of a 322 landslide dam can be assessed rapidly and more reliably. In the future, we plan to carry out similar geophysical 
335
(2) Segregation phenomenon occurred within the displaced debris. After a long distance of movement, the 336 larger boulders formed surficial layer, the coarse carapace facies found on many rock avalanche deposits. The 
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